There is a limited understanding of the lotic macroinvertebrate fauna of West AfXca, although many watercourses are heavily impacted. Macroinvertebrates were sampled from a stream running through Accra, the capital of Ghana, to provide information on the nature of these communities and their response to pollution. The physicochemical pollution gradient in the stream was reflected in the macroinvertebrate community, which showed a similar response to that observed in well studied temperate areas. Heavily polluted sites within the city supported a poor fauna and were dominated by tolerant taxa, such as the Chironomidae. The success of the macroinvertebrate fauna in revealing the pollution gradient and discriminating between sites suggest that there is potential for biological monitoring in such situations.
INTRODUCTION
conducted a survey of researchers working in the field of tropical stream ecology and concluded that there is a patchy distribution of knowledge regarding running water in tropical countries. They noted that although most subjects have received attention at one or two locations, they remain "relatively unknown at most sites". A survey of the literature confirmed this pattern, although significant work has been undertaken in certain areas and topics. For example, Bishop (1973) carried out an extremely detailed study of the Sungai Gombak, a small Malaysian river. Dudgeon has contributed much to the understanding of the ecology in Hong Kong Corlett 1994, Dudgeon 1996) . In addition, Payne (1986) provided an overview of the ecology of rivers and lakes in the tropics.
Macroinvertebrates are important links in the processing of autothonous and allochthonous organic material and are widely used for biological monitoring (Rosenberg and Resh 1993) . They have received some attention in West African countries including Ghana (Hynes 1975 , Sarnman et al. 1994 , Cameroon (Disney 1972) and Ivory Coast (Dejoux 1982 , Gibson and Statzner 1985 , Hall and Edwards 1978 . However, much of the work in the tropics has been a author for correspondence. Present address: WRc plc, Frankland Road, Blagrove, Swindon, Wiltshire, SN5 SYR, U.K. concerned with macroinvertebrate taxa which act as intermediate hosts for human parasitic diseases, such as black-flies (Simuliidae), and the impact of their control on benthic communities. Less attention has been given to the impact of other human activities on rivers and streams in general and macroinvertebrates in particular. Organic pollution from domestic sources is a major problem in many tropicalcountries as treatment of sewage is scarce or absent (Dudgeon 1992 , Payne 1986 ). Additionally, rivers and streams in urban areas of tropical countries are subject to a complex range of pollutants including phosphates, road run-off, and industrial waste.
This study investigated the macroinvertebrate communities found in clean and polluted urban parts of a stream in Ghana. The results provide valuable information on the nature of these macroinvertebrate communities and the impact of humans on them.
STUDY SITES
The Odaw stream courses through the city of Accra, the largest city of Ghana. During its passage through the city, the stream becomes heavily polluted by domestic waste (both treated and untreated), road run-off and inputs from small businesses and industries. At its source north of Accra, the stream is naturally soft and slightly acidic due to the underlying hard granites and gneisses of the region.
Eight sites were sampled. Site 1 was located close to the stream source on the Akwapim ridge at an altitude of about 300m. Site 2 was 7.3km downstream and north of Accra at an altitude of about 50m. Site 3 was in a sparsely populated area to the north of the city. Sites 1, 2 and 3 represent the least impacted conditions for this stream. Site 4 was 4km farther downstream and was just beyond the limits of the city. It may be slightly impacted by human presence. Site 5 was in a heavily populated suburb of Accra. As the stream enters the area around Achimota it splits into several branches. The branch on which site 6 was located is heavily polluted, particularly with effluent from a brewery. Site 7 was located on the main stream downstream of the brewery effluent channel. It is subject to large amounts of domestic waste and some industrial waste. Site 8 was located 3.5km from the mouth of the stream at the Korle lagoon. It is heavily polluted by a wide range of effluents including all inputs from the Achimota sewage works.
The weather in thls region is largely determined by the interaction of moist winds from the Gulf of Guinea and the dry winds from the north-east, known locally as the Harmattan. Six distinct seasons are recognized (Hynes 1975) . The Harmattan dominates during December and January and causes a hot dry season. This is followed in March by the hot wet season in which there is sporadic rainfall. By June the cool wet season has anived and this brings the heaviest rains of the year. By August these rains are typically over and there is a cool dry season in which rainfall is low. Light rains follow in September giving the second cool wet season of the year. In October temperatures increase to give a second hot wet season before the return of the Harmattan in December.
METHODS AND MATERIALS
Several physical and chemical parameters of water quality were measured at five regular intervals covering the entire period in which the artificial substrate samplers for macroinvertebrates were immersed. Water temperature, pH, conductivity and dissolved oxygen were measured in the field using portable electronic meters. Samples of water were taken and analyzed for biochemical oxygen demand (BODg), amrnoniacal-nitrogen (NH4-N), phosphate-phosphorus (P04-P), nitrate-nitrogen (N03-N), and suspended solids (SS) by the Council for Scientific and Industrial Research (CSIR) in Accra.
Samples of benthic macroinvertebrates were taken using standard colonization units (IS0 1993) . Six samplers were immersed at each site for a period of four weeks (17107195-14/08/95) following methods previously described in Thorne and Williams (1997) and Thome et al. (1999) . This sampling period fell between the first cool wet and cool dry seasons and there had been some recent rains.
Distinct macroinvertebrate taxa were identified to the lowest level practicable with available keys. This was predominantly the family level, through the use of North American keys (McCafferty 1981 , Memtt and Cumrnins 1984 . However, it was also possible to distinguish certain groups beyond the family level. A species level key was available for molluscs (WHO 1973) . Certain other groups were classified to the sub-family level through the use of Lkvkque (1980, 1981) . In addition, the Mesoveliidae could be divided into two distinct taxa, although these could not be named.
To evaluate whether significant differences exist between the sites for each data set, the similarities of the replicate samples within sites were compared with the similarities of samples between sites. This was achieved using a statistical procedure called ANOSIM (ANalysis Of SIMilarities; Clarke 1993) using the ANOSIM program of the PRIMER software package (Clarke and Warwick 1994) .The similarities for these analyses were calculated using the Bray-Curtis similarity measure (Bray and Curtis 1957) recommended by Jackson (1993) , Bloom (1981) and Faith et al. (1987) . This measure was applied to each data set after a 44-transformation which allows for the effective discrimination of both clean, rich sites and polluted sites with a poor fauna (Thome et al. 1999) . The relationships between sites were W e r illustrated by Non-metric Multidimensional Scaling (NMDS) carried out by the MDS program of the PRIMER package.
RESULTS
The means and ranges for the physicochemical parameters are given in Table  1 . Sites 1, 2 and 3 are considered to be unpolluted although there are some unusual results for site 1. This site had a considerably lower pH and temperature values than the others, and there was also an unexpectedly low level of dissolved oxygen. Site 4 had slightly higher levels of nitrate, phosphate and conductivity relative to site 3 and, therefore, appeared to be slightly impacted. Site 5 shows high levels of nitrate, phosphate and conductivity relative to the unimpacted sites. This could be due to domestic or commercial eMuents in this area. The pollution at sites 7 and 8 was clearly severe. The impact of the brewery at site 6 was very apparent due to the extremely high BOD, SS, temperature, and pH.
Ten artificial substrate samplers, from a total of 48, were lost during the period of colonization and three sites were affected by this loss. Site 4 was the most severely affected site; all of the samplers were disturbed and removed, probably by fishermen. At sites 2 and 6 only four samplers were recovered.
A total of 31 taxa, fiom 27 families was found ( Table 2 ). The families Hydropsychidae, Mesoveliidae and Chironomidae could each be sub-divided into two taxa. Of the six molluscan families present (Ancylidae, Hydrobiidae, Physidae, Lyrnnaeidae), four were represented by only a single species. Two species of the Planorbidiidae and three species of the Thiaridae were present. The most heavily polluted sites supported a poor fauna with one or two taxa dominating, although the biomass at these sites was high.
For the ANOSIM tests, the R value was significant (P<0.05) for all site comparisons ( Table 3) . For many of the comparisons the R value was equal to 1, indicating that all within site similarities were greater than between site similarities. The NMDS ordination (Fig. 1) illustrates the clustering of the samples and also shows the strong links between samples from sites of similar water qualities. 
DISCUSSION
In general, the physicochemical data confirm the initial pollution assessments of the eight sites. These data alongside the site descriptions suggest that the high altitude site 1 represents a different habitat type compared to the other sites. The low observed levels of dissolved oxygen here may be due to the large amounts of organic material observed in this slow-moving water. The reddish color of the sediment may be due to the deposition of iron salts by humic acids. Site 6 is clearly grossly polluted but this pollution does not readily fit into the gradient among the With the exception of site 4, the loss of the artificial substrate samplers appears not to have had a serious impact on the data set in terms of the number of farnilies/taxa caught at each site. The changes in the number of families and individuals along the pollution gradients correspond broadly to those changes observed in temperate developed countries (Hynes 1960) , although the taxa seem generally slightly more tolerant than their temperate counterparts. The Ephemeroptera, Plecoptera and Trichoptera are generally regarded as the most sensitive orders to organic pollution, and these were largely restricted to sites 1, 2 Table 3 . R-statistics for one-way ANOSIM (Clarke and Warwick 1994) for comparisons between sites. (Pc0.05 for all comparisons).
Site 1 2 3 5 6 7 and 3. Hydropsychidae was the exception; its members were also found at site 5.
This family is considered to be one of the most tolerant of its order in Europe and North America. The Chironomidae, whose many species display a wide range of tolerances, were represented at all sites throughout the pollution gradient. The Syrphidae and Psychodidae, which are characteristic of anaerobic habitats, were restricted to site 6.
Although these communities are broadly similar to those observed in developed temperate areas there are a few exceptions worthy of comment. The order Plecoptera is a valuable indicator group in the temperate zone but is somewhat restricted in the tropics. Indeed, only one species is found in the whole of West Africa (Durand and Leveque 1981) and no Plecoptera were found in this study. The NMDS ordination reflects the observed pollution gradient and sites are generally well distinguished. Sites of similar water qualities are less well separated (e.g. sites 2 and 3). These patterns are emphasised in the ANOSIM results. These results suggest that macroinvertebrates can be used to characterize sites of differing water qualities in tropical countries within the limits of current taxonomic knowledge. Biological monitoring using macroinvertebrates is, therefore, a potentially valuable tool in the management of water resources in developing countries and this is discussed W e r in Thome and Williams (1997) .
